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Calculate the mean of the 5 numbers:
1 8 3 6 2

Formula:

Mean = X-Bar =   
Or 

X = X1 + X2 + X3 + X4 + X5( ) / 5

X =
Xi

i=1

5

!
5
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Calculate the mean of the 5 numbers:
1 8 3 6 2

Answer:

Mean =  
Or 

X = 1+8+3+6+2( ) / 5= 20 / 5= 4

X =
Xi
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=
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Calculate the sample variance of the 5 numbers:
1 8 3 6 2

Formula:

Sample Variance = 

Or 

s2 = X1 ! X( )
2
+ X2 ! X

"

#
$

%

&
'

2

+ X3 ! X( )
2
+ X4 ! X( )

2
+ X5 ! X( )

2"

#
$
$

%

&
'
' / 5! 1( )

s2 =
Xi ! X( )

2

i=1

5

"
5! 1
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Calculate the sample variance of the 5 numbers:
1 8 3 6 2

Formula:

Sample Variance = 

Or 

s2 = 34 / 5! 1( ) =
34
4

=
17
2

=8.5

s2 =
Xi ! X( )

2

i=1

5

"
5! 1

=
34
4

=8.5
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=
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=
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II<
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;18+.44ABA>=

T#"$)')-'!"#*1#01'c*&+0"#$*"='")'C+"?)1'E60)&+%%I'
c*&+0"#$*"='@!"#$%#&'(

4/2'#(TN

JC/5*8$&"5*/-7&(,+&L&7,&M&+/7",%&*+,-$..&7,&.7/)'/+'%&?"7<&7<$&
N#MO&")-+$/.$&!(+,5&*+$@",6.&.8"'$P:

.--60#(&:#(#$$,$(,9(INU<I(2-(632&-(,9('#5%?$%0-(G&#3&:-(,9(%(
?$%0H(L:25:(0#%3-(&:#(#$$,$(23(?$%0-(2-(N<INUI(?$%0-<((O:%&(
L,6/'(0#%3(,3(&:#(L#2?:23?(,9(%(INNN(?$%0(2&#0(&:#(-&%3'%$'(
635#$&%23&*(L,6/'(:%Q#(%''#'(,3/*(U<I(0?(GN<NNUI?H(&,(&:#(&,&%/(
635#$&%23&*<

A3(&:2-(#a%0"/#(&:#(-&%3'%$'(635#$&%23&*(2-(:%Q23?(3#?/2?2)/#(
20"%5&<(((((
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!/88#0=

\ R#Q2#L#'()%-25(-&%&2-&25%/(&#$0-(%3'(5,35#"&-
\ R#Q2#L#'(Y#%3].Q#$%?#(%3'(:,L(2&(2-(5%/56/%&#'
\ R#Q2#L#'(&:#(5,35#"&(,9(%(^K$,)%)2/2&*(=2-&$2)6&2,3_(%3'(&:#(

1,$0%/(=2-&$2)6&2,3
\ R#Q2#L#'(`%$2%35#(%3'(4&%3'%$'(=#Q2%&2,3(%3'(:,L(&:#*(%$#(

5%/56/%&#'
\ R#Q2#L#'(&:#(5,35#"&-(,9(^P2%-_(%3'(^B2&(9,$(K6$",-#_
\ R#Q2#L#'(:,L(&,(%''($%3',0(#$$,$(9$,0(06/&2"/#(-,6$5#-
\ R#Q2#L#'(:,L(&:#(0%?32&6'#(,9(%3(#$$,$(%99#5&-(&:#(&,&%/(#$$,$

4/2'#(TI
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Range Mean Median Standard_DeviationMode Average Variance
1. Circle the above measures of location
2. Underline the above measures of dispersion
For 3-11 use the following data (20 observations):

0  0  0  1  1  2  2  6  6  6  6  6  6  10  10  11  11  12  12  12  
3. How many data points?
4. Compute the Mean
5. Compute the Median
6. Compute the Mode
7. Compute the Range
8. Compute the Population (Census) Variance
9. Compute the Population (Census) Standard Deviation
10. Compute the Sample (To Estimate Population) Variance
11. Compute the Sample (To Estimate Population) Standard Deviation
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;18+.44ABA>= 4/2'#(TU

Range Mean Median Standard_DeviationMode Average Variance
1. Circle the above measures of location
2. Underline the above measures of dispersion
For 3-11 use the following data (20 observations):

0  0  0  1  1  2  2  6  6  6  6  6  6  10  10  11  11  12  12  12  
3. How many data points? 20
4. Compute the Mean 6
5. Compute the Median 6
6. Compute the Mode 6
7. Compute the Range 12
8. Compute the Population (Census) Variance 19
9. Compute the Population (Census) Standard Deviation 4.36
10. Compute the Sample (To Estimate Population) Variance 20
11. Compute the Sample (To Estimate Population) Standard Deviation 4.47
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!"#"$%"$&%'()*&+,"%'$*'!#-+./#01%

Y#%-6$#0#3&(Y,'#/-J(

4/2'#(TT

JK,$&2,3-(,9(&:2-(&%/W(L#$#(,$2?23%//*("$#-#3&#'(23(&:#(P$,,W:%Q#3(1%&2,3%/(+%),$%&,$*($#",$&(
XY#%-6$#0#3&(8,3&$,/(D,$W-:,"(A3-&$65&2,3(Y%&#$2%/-Z()*(K:2//2"([2))-7(8%$*(8$%L9,$'7(%3'(P$#3&(
Y5[2332-(%3'(%$#(6-#'(23(&:2-("$#-#3&%&2,3(L2&:(&:#2$(5,3-#3&<

C%0#-(D#3'#/)#$?#$
4&%&2-&25%/(452#35#-7(884EF

+,-(./%0,-(1%&2,3%/(+%),$%&,$*
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! A3&$,'65#(%3'(R#Q2#L([;Y( G[62'#(&,(&:#(#a"$#--2,3(,9(
635#$&%23&*(23(0#%-6$#0#3&H(5,35#"&-(%-(&:#*($#/%&#(&,(
0#%-6$#0#3&(0,'#/-

! =2-56--(&:#(-&%&2-&25-(6-#'(23('#-5$2)23?(0#%-6$#0#3&(
0,'#/-

! ;3'#$-&%3'(%''2&2Q#(%3'($#/%&2Q#(0#%-6$#0#3&(0,'#/-(
%3'()#(%)/#(&,(#-&%)/2-:(&:#(&*"#(,9(0,'#/(9,$(%("%$&256/%$(
0#%-6$#0#3&(0#&:,'

! ;3'#$-&%3'(#a"#5&%&2,3(%3'(Q%$2%35#(5%/56/%&2,3-(
%--,52%&#'(L2&:(0#%-6$#0#3&(0,'#/-(%3'(%""/*(&:#0(&,(
-,0#(#a%0"/#(0#%-6$#0#3&(0#&:,'-

4/2'#(TF
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C+#%/0+8+*"'C)1+7%'#*1' dcC'E d/$1+'")'"?+'
+H,0+%%$)*')-'/*&+0"#$*"='$*' 8+#%/0+8+*"I

[;Y($#5,00#3'%&2,3-($#/%&#'(&,(0#%-6$#0#3&(0,'#/-b

! A3(?#3#$%/7(&:#(6-#(,9(0#%-6$#0#3&(0,'#/-($#-6/&-(23(
O*"#(.(635#$&%23&2#-7(L:25:(%$#(635#$&%23&2#-('#$2Q#'()*(
-&%&2-&25%/(0#&:,'-<

! ;35#$&%23&2#-('#$2Q#'()*(-&%&2-&25%/(0#&:,'-7(-65:(%-(
0#%-6$#0#3&(0,'#/-7(%$#(5:%$%5&#$2d#'()*(#-&20%&#'(
Q%$2%35#-7(-2

M7(%3'(&:#(%""$,"$2%&#('#?$##-(,9(9$##',07(
Q2<(

! [;Y($#5,00#3'-(&:%&(5,0)23#'(635#$&%23&*(2-('#$2Q#'(
)*(%''23?(&:#(Q%$2%35#(5,0",3#3&-(%3'(&:#3(
#a"$#--23?(&:#(5,0)23#'(635#$&%23&*(%-(%(-&%3'%$'(
'#Q2%&2,3(,$(%(,3#E-2?0%(Q%/6#<(O:2-(2-(%('2$#5&($#-6/&(,9(
6-23?(%(-&%&2-&25%/(0#%-6$#0#3&(0,'#/<

4/2'#(TS



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

! A&(2-(%()#//E-:%"#'7(-*00#&$25(%3'(5,3&236,6-(
'2-&$2)6&2,3

! .($%3',0(Q%$2%)/#7(a7(L2&:(%(3,$0%/('2-&$2)6&2,3(5%3(
%--60#(%3*(Q%/6#(%/,3?(%(5,3&23660(,9(",--2)/#(
Q%/6#-

! A0",$&%3&(6-#-(,9(&:#(1,$0%/('2-&$2)6&2,3(%$#(9,$(
:*",&:#-2-(&#-&23?7(&:#('#$2Q%&2,3(,9(5,392'#35#(
23&#$Q%/-(%3'(&:#('2-&$2)6&2,3(,9(#$$,$(&#$0-(9,$(
0#%-6$#0#3&(0,'#/-

! O:#(#a"#5&#'(Q%/6#(,$(0#%3(G((H($#"$#-#3&-(&:#(/,5%&2,3(
,$(&:#,$#&25%/(%Q#$%?#(,9(&:#('2-&$2)6&2,37(L:2/#(&:#(
Q%$2%35#(G((((H($#"$#-#3&-(&:#(-"$#%'(,9(&:#('2-&$2)6&2,3

X)08#7'9$%"0$3/"$)*

µ

! 2

4/2'#(TV
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! OL,(1,$0%/('2-&$2)6&2,3-(L2&:('299#$#3&(0#%3-7()6&(&:#(
-%0#(-&%3'%$'('#Q2%&2,3

Plot
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4/2'#(Tf
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! O:$##(1,$0%/('2-&$2)6&2,3-(L2&:(&:#(-%0#(0#%37()6&(
'299#$#3&(-&%3'%$'('#Q2%&2,3-

Plot
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! 1,$0%/('2-&$2)6&2,3(GN7IH(I7(M(%3'(U(-2?0%(23&#$Q%/-

4/2'#(FI

,-./01234/05671
839

:;;/01234/05671
839

,-./01
<6=7

!1>=3?@1:;;/01
<6=7

23@=9/1
234/0567

H! ! "#!(& "#*%! "#$*+

H) ) "#")+ "#&'' "#&(%

H+ + "#""! "#&&& "#&&'
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! O:#(1,$0%/GN7IH('2-&$2)6&2,3(I(-2?0%(/,L#$(&%2/("$,)%)2/2&*(
G%$#%H<((>a5#/(5,00%3'b(=NORMDIST(- 1,0,1,TRUE)

4/2'#(FM

N

N<NT

N<I

N<IT

N<M

N<MT

N<U

N<UT

N<c

N<cT

Ec EU<T EU EM<TEM EI<T EI EN<T N N<T I I<T M M<T U U<T c

1GN7IH(+,L#$(O%2/

I(Y236-(+,L#$(O%2/
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! O:#(1,$0%/GN7IH('2-&$2)6&2,3(I(0236-(6""#$(&%2/("$,)%)2/2&*(
G%$#%H<(>a5#/(5,00%3'b(=NORMDIST(1,0,1,TRUE)

4/2'#(FU
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N<NT

N<I

N<IT

N<M

N<MT
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N<UT
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N<cT

Ec EU<T EU EM<TEM EI<T EI EN<T N N<T I I<T M M<T U U<T c
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I(Y236-(;""#$(O%2/



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

X)08#7' 9$%"0$3/"$)*'60),+0"$+%
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I(-2?0%("$,)%)2/2&*(G%$#%H<(
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! 1,$0%/('2-&$2)6&2,3(GN7IH(I7(M(%3'(U(-2?0%(23&#$Q%/-

4/2'#(FT

,-./01234/05671
839

:;;/01234/05671
839

,-./01
<6=7

!1>=3?@1:;;/01
<6=7

23@=9/1
234/0567

H! ! "#!(& "#*%! "#$*+

H) ) "#")+ "#&'' "#&(%

H+ + "#""! "#&&& "#&&'
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! O:#(1,$0%/GN7IH('2-&$2)6&2,3(9,$(I7(M(%3'(U(-2?0%("%$&2%/(
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Mq q j((((((((((((((q Mq

FVg

fTg

4/2'#(Ff
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:H+0&$%+%

4/2'#(SN

I< ;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(1GN7IH(
)#&L##3(EI(%3'(I<

M<;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(1GI7IH(
)#&L##3(EI(%3'(I<

U<;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(
1 GN7INH()#&L##3(EI(%3'(I<

c< ;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(
1 GI7INH()#&L##3(EI(%3'(I <
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X)08#7'9$%"0$3/"$)*'60)3#3$7$"$+%'c%$*.':H&+7
:H+0&$%+'!)7/"$)*%

4/2'#(SI

I< ;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(1GN7IH()#&L##3(EI(%3'(I<

M< ;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(1GI7IH()#&L##3(EI(%3'(I<

U< ;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(1GN7INH()#&L##3(EI(%3'(I<

c< ;-#(>a5#/(&,(8,0"6&#(K$,)%)2/2&2#-(,9(%(1GI7INH()#&L##3(EI(%3'(I <

I<(FV<Ug

M<(cS<Sg

U<(V<Ng

c<(c<Vg

>/63 A=BC6

,-./01
234/05671

839

:;;/01
234/05671

839 ,-./01<6=7
!1>=3?@1

:;;/01<6=7
23@=9/1

234/0567
" ! H! ! "#!(& "#*%! "#$*+
! ! H! ! "#")+ "#("" "#%''
" !" H! ! "#%$" "#(%" "#"*"

!" !" H! ! "#!+$ "#!*% "#"%*

Answer              A   B              C          D                    E                    F                 G                    
=NORMDIST(C2,A2,B2,T                      =+F2-E2

=NORMDIST(D2,A2,B2,TRUE)
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>a"#5&%&2,37(`%$2%35#(%3'(8,Q%$2%35#

+#&(a(v(1Gj a7(qa
MH7(&:#3

O:#(#a"#5&#'(Q%/6#(,9(a(,$(>GaH(k(ja7(%3'
>G%(a(s()H(k(%(ja s()7(L:#$#(%(%3'()(%$#(5,3-&%3&-(

O:#(Q%$2%35#(,9(a(,$(`GaH(k(qa
M7(%3'

`G%(a(s()H(k(%M(qa
M((

+#&(*(v(1 Gj *7q*
MH7(&:#3(
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Consider a U-235 gram amount determination
that is calculated as follows:

G    =                 , where,
G    = U-235 gram amount

= measured volume for tank i
= measured concentration for tank i
= volume random uncertainty for tank i
= concentration systematic uncertainty
= concentration random uncertainty

Assume       ,        and       are relative uncertainties.
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D:25:(%""$,%5:(',(*,6(&:23W(2-(0,$#(/2W#/*(&,(0##&(,6$(
,)i#5&2Q#(9,$(-%0"/23?h

4/2'#(IUc



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

d)#7')-'d))1'!#8,7$*.

O:#(?,%/(,9(?,,'(-%0"/23?(2-(&,(9,//,L(%(-%0"/23?("$,&,5,/(
&:%&("$,'65#-(%(-%0"/#(L:,-#(5:#025%/(,$(":*-25%/(
0#%-6$#0#3&-(,9(23&#$#-&(%$#b

I< R#"$#-#3&%&2Q#(,9(&:#(#3&2$#(/,&

O:#(W#*(2-($%3',0(-%0"/23?(L:25:(#3%)/#-(%3(
63)2%-#'(#-&20%&#(%3'(%3(#-&20%&#(,9(&:#("$#52-2,3

M< .-(5,3-2-&#3&(%-(",--2)/#(L2&:(,&:#$(-%0"/#-(&:%&(
L,6/'()#(,)&%23#'(29(&:#(#3&2$#(-%0"/23?("$,&,5,/(5,6/'()#(
$#"#%&#'

4/2'#(IUT



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

T+,0+%+*"#"$5+'#*1'()*%$%"+*"'!#8,7+%

! [#&&23?($#"$#-#3&%&2Q#(-%0"/#-($#e62$#-(6-23?(":*-25%/(
-%0"/23?(&#5:32e6#-(&:%&(:%Q#(%-(/2&&/#()2%-(%-(",--2)/#(
G.556$%5*H

! [#&&23?(5,3-2-&#3&(-%0"/#-(0#%3-($#'6523?(-%0"/23?E&,E
-%0"/23?(Q%$2%&2,3(GK$#52-2,3H

! .556$%5*(%3'("$#52-2,3(G$#"$,'652)2/2&*H(-:,6/'()#(
%?$##'(6",3()*(&:#(56-&,0#$(%3'(-6""/2#$

! 4%0"/23?(#$$,$-(5%3(/#%'(&,(633#5#--%$*("$,5#--(
5:%3?#-7(&:#(%3%/*-2-(,9(%''2&2,3%/(-%0"/#-7(,$(&:#(
$#/#%-#(,9(,99E-"#5(0%&#$2%/

4/2'#(IUF



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

:H#8,7+%')-'d))1'!#8,7$*.'60#&"$&+%

\ Y2a23?(%3'(?$23'23?(&:#(0%&#$2%/()#9,$#(-%0"/23?

\ 8,0",-2&23?(-%0"/23?(235$#0#3&-(&,(9,$0(&:#(-%0"/#

\ ;-23?(%(5,3&%23#$(&:%&(L2//(3,&($#%5&(L2&:(&:#(-%0"/#

\ K$,"#$(:%3'/23?(,9(-%0"/#-

\ 4%0"/23?(0#&:,'(06-&("$#-#$Q#(&:#(23&#?$2&*(,9(&:#(
-%0"/#

4/2'#(IUS



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

4%0"/23?(%3'(/%)(Q%$2%&2,3(
3,&(-#"%$%&#'<

K$,5#--7(-%0"/23?7(%3'(/%)(
Q%$2%&2,3(-#"%$%&#'<

"#$%&#'(&%)#)*+$,'$-'.)#+)*+$,

4%0"/23?(%3'("$,5#--(
Q%$2%&2,3(3,&(-#"%$%&#'

4/2'#(IUV



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

C#"+0$#7'S#0$#"$)*

! >$$,$(Ib(B63'%0#3&%/(>$$,$(GB>H(

n#&#$,?#3#2&*(,9(-,/2'-(2-(239/6#35#'()*("%$&25/#(-2d#7(
-:%"#7('#3-2&*7(5:#025%/(5,0",-2&2,37(%3'(,&:#$(
":*-25%/("$,"#$&2#-<((O:2-(#$$,$(2-(6-6%//*(/%$?#(9,$(-,/2'-(
%3'(3#?/2?2)/#(9,$(/2e62'-(%3'(?%-#-<

! >$$,$(Mb([$,6"23?(%3'(4#?$#?%&2,3(>$$,$(

n#&#$,?#3#2&*(5%6-#'()*(&:#(-"%&2%/('2-&$2)6&2,3(,9(&:#(
5,3-&2&6#3&-(%3'(-:%"#(,9(&:#(/,&<(Y%3*(-,/2'-(%$#(
W3,L3(&,(-#&&/#(,$(-&$%&29*<((4%0"/23?(9$,0(&:#(),&&,0(
Q#$-6-(&:#(&,"(5%3(?#3#$%&#('299#$#3&(-%0"/#-<

4/2'#(IUf



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

60)&+%%'S#0$#"$)*

! >$$,$(Ub(+,3?E$%3?#(3,3E"#$2,'25(:#&#$,?#3#2&*(
9/65&6%&2,3

K$,5#--#-(5:%3?#(,Q#$(&20#7(-,0#&20#-(23(-:,$&(
23&#$Q%/-(%3'(-,0#&20#-(,Q#$(%(/,3?#$(&20#(-"%3<(((
4%0"/#-(&%W#3(%&('299#$#3&(&20#-(5%3("$,'65#('299#$#3&(
$#-6/&-<(4:,6/'('#&#$023#(&$#3'-(%3'(:,L(&:#*()#:%Q#<(

! >$$,$(cb(+,3?E$%3?#("#$2,'25(:#&#$,?#3#2&*(9/65&6%&2,3

K$,5#--#-(5%3(#a"#$2#35#("#$2,'25(5:%3?#-(,Q#$(&20#<(
B,$(#a%0"/#7(&:#("$,5#--(0%*()#(#99#5&#'()*('%*(%3'(
32?:&(&#0"#$%&6$#(5*5/#-<(4*-&#0%&25(-%0"/23?(&:%&(:%-(
&:#(-%0#(9$#e6#35*(%-(&:#(5*5/#-(L2//(3,&($#Q#%/(&:#(
#3&2$#(Q%$2%&2,3(,9(&:#("$,5#--(%3'("$,'65#()2%-#'(
$#-6/&-<

4/2'#(IcN



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

J))7%'#*1'J+&?*$U/+%
! >$$,$(Tb(=#/202&%&2,3(#$$,$(

1,3$%3',0(-%0"/#-7(-65:(%-(i6'?0#3&%/(%3'(-",&(
-%0"/#-7(%$#(6-#96/()6&("$,)%)2/2&*(%3'($%3',0(-%0"/#-(%$#(
963'%0#3&%/(&,(,)&%2323?(63)2%-#'(#-&20%&#-<(.('#/202&%&2,3(
#$$,$(,556$-(L:#3(3,&(#Q#$*("%$&(,9(&:#(/,&(:%-(%3(#e6%/(
5:%35#(,9()#23?(23(&:#(-%0"/#<((B,$(#a%0"/#7(-5,,"23?(,99(
&:#(&,"(,9(%(/%$?#(-,/2'("2/#(5%3("$,'65#(-%0"/#-(L2&:(
02-/#%'23?($#-6/&-<

! >$$,$(Fb(>a&$%5&2,3(>$$,$

.3(#a&$%5&2,3(#$$,$(,556$-(L:#3(%(-%0"/#(&:%&(:%-()##3(
2'#3&292#'(5%33,&()#(,)&%23#'<((>a&$%5&2,3(#$$,$(2-(&*"25%//*(
'6#(&,(&:#(#e62"0#3&(6-#'<(B,$(#a%0"/#7(23(-%0"/23?(%(
&%3W7(%(&:2#9("$,)#(0%*("$,'65#(%3(#a&$%5&2,3(#$$,$()#5%6-#(
2&(0%*(3,&()#(%)/#(&,(#a&$%5&(0%&#$2%/(%&(&:#(Q#$*(),&&,0<

4/2'#(IcI



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

!#8,7+'V#*17$*.

! >$$,$(Sb(4%0"/#(:%3'/23?7(-%0"/#(23&#?$2&*7(,$(-%0"/#(
"$#-#$Q%&2,3(

4%0"/#-(5%3(5:%3?#()#&L##3(&:#(&20#(&:#*(%$#(&%W#3(
%3'(&:#(&20#(&:#*(L#$#(%3%/*d#'<

4/2'#(IcM



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

:00)0'!)/0&+%

>a%0"/#()%$(?$%":(,9(Q%$2%&2,3(Q-<(#$$,$-(9,$(-%0"/23?<(
G.5&6%/(Q%$2%&2,3('#"#3'-(,3(&:#(-2&6%&2,3<H

4/2'#(IcU



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

V+"+0).+*+$"=

n#&#$,?#3#,6-b(

8,3-2-&23?(,9('2--202/%$(23?$#'2#3&-(,$(5,3-&2&6#3&-(^3,&(%//(
&:#(-%0#_(^3,&(6329,$0(&:$,6?:,6&_(,$(^'299#$#3&<_

O:#$#(%$#(&L,(&*"#-(,9(0%&#$2%/(:#&#$,?#3#2&*b(5,3-&2&6#3&(
%3'('2-&$2)6&2,3<

I< 8,3-&2&6#3&(:#&#$,?#3#2&*(G8nHb(=299#$#35#-(23(
5,3-&2&6&2,3(,$(0%W#E6"(,9(0%&#$2%/(G"%$&25/#-(,$(
0,/#56/#-H

M<=2-&$2)6&2,3(:#&#$,?#3#2&*(G=nHb(n,L(&:#(0%&#$2%/(2-(
'2-&$2)6&#'(,$(02a#'('6#(&,('#3-2&*7("%$&25/#(-2d#7(#&5<

Q,7<&A"@$&+".$&7,&./5*8")A&$++,+#

4/2'#(Icc



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

8,3-&2&6&2,3(:#&#$,?#3#2&*(
G8nH<(O:#("%$&25/#-(%$#(3,&(

6329,$0<

=2-&$2)6&2,3(:#&#$,?#3#2&*(
G=nH(9,$(-,/2'-<(O:#(

"%$&25/#-(%$#(3,&(
'2-&$2)6&#'(6329,$0/*<

/0012*#)*+$,2'$-'3&*&#$4&,&+*5

4/2'#(IcT



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

G/*1#8+*"#7':00)0

B63'%0#3&%/(>$$,$(2-(&:#('299#$#35#()#&L##3(&:#(-%0"/#(
%0,63&(%3'(&:#(/,&(5,3&#3&($#/%&2Q#(&,(&:#(/,&(%-(%(L:,/#<

! R#'65#(&:#(B63'%0#3&%/(>$$,$b(D2&:($%3',0(-%0"/23?7(
235$#%-23?(&:#(e6%3&2&*(,9(0%&#$2%/(23(&:#(-%0"/#E‚(R#'65#'(
`%$2%)2/2&*

! =#5$#%-23?(&:#(23'2Q2'6%/("%$&25/#(-2d#(,9(0%&#$2%/(G#<?<7(P*(
[$23'23?H(23(&:#(/,&()#9,$#(-%0"/23?E‚(R#'65#'(`%$2%)2/2&*

16.7&*+$.$+@$&7<$&")7$A+"7D&,(&7<$&./5*8$.&.,&7</7&7<$&
-,5*,)$)7.&,(&")7$+$.7&/+$&),7&-</)A$'

4%0"/#(42d#b

E4&%&2-&252%3-(&:23W(,9(&:#(360)#$(,9(632&-(23(&:#(-%0"/#

E8:#02-&-(&:23W(,9(0%--7(L#2?:&7(,$(Q,/60#(,9(&:#(-%0"/#

4/2'#(IcF



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

T+1/&$*.'"?+'G/*1#8+*"#7':00)0

A3(-&%&2-&25%/(-%0"/23?7(63'#$(23'#"#3'#35#7(2&(2-(L#//(
W3,L3(&:%&b

Population
x n

!
! =

\ B,$(%(92a#'("%$&25/#(-2d#7(235$#%-23?(&:#(360)#$(
,9(632&-(23(&:#(-%0"/#(2-(5,0"%$%)/#(&,(
235$#%-23?(&:#(-%0"/#(L#2?:&(,9(%(5:#025%/(
-%0"/#<

\ B,$(%(92a#'(-%0"/#(L#2?:&7('#5$#%-23?(&:#(
"%$&25/#(-2d#(,9(0%&#$2%/(23(&:#(/,&()#9,$#(
-%0"/23?(:%-(&:#(#99#5&(,9(235$#%-23?(&:#(360)#$(
,9(-%0"/23?(632&-<

4/2'#(IcS



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

T+1/&$*.'!+.0+.#"$)*':00)0

! O,($#'65#(&:#(#99#5&(,9(-#?$#?%&2,37(L#(-:,6/'(02a(&:#(
#3&2$#(/,&(29(",--2)/#<(!&:#$(%/&#$3%&2Q#-(%$#(3#5#--%$*(
9,$(/%$?#(200,)2/#(/,&-(G#<?<7(L%-&#("2/#-7(-:2"(5%$?,H

! 4,/2'("%$&25/#-(&:%&('299#$(23(-2d#7('#3-2&*7(%3'(-:%"#(%$#(
-6-5#"&2)/#(&,(",,$(02a23?<(.9&#$(02a23?7(-,/2'(?$%36/#-(
0%*($#E-#?$#?%&#('6$23?(:%3'/23?(%3'(-&,$%?#<

! Y2a23?(-&6'2#-(5,6/'()#("#$9,$0#'(&,(0#%-6$#(&:#(
#99#5&2Q#3#--(,9(02a23?(,Q#$(&20#(%3'(-"%5#<

! [,,'("$%5&25#(2-(&,(&%W#(-0%//(235$#0#3&-($%3',0/*(%3'(
5,0)23#(G5,0",-2&#H(&:#0(&,(?#&(%(-%0"/#(L:#3(
#-&20%&23?(&:#(%Q#$%?#<

4/2'#(IcV



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

()8,)%$"+'!#8,7$*.
A3(5,0",-2&23?7('$%L23?(&:#(-%0"/#(
%3'(&:#(":*-25%/(02a23?("$,5#'6$#(
0%*(5:%3?#(&:#(":*-25%/(
5:%$%5&#$2-&25-(,9(&:#(0%&#$2%/(G#<?<b(
&:#("%$&25/#(-2d#('2-&$2)6&2,3(5,6/'(
5:%3?#H<(

Increment 1 Increment 2 Increment 3 Increment 4

Composite 
Sample

\ ;-#96/(9,$($#'6523?(
5,-&((L:#3(&:#(-%0"/#-(
G235$#0#3&-H()#23?(
5,0)23#'(%$#(-202/%$<

\ 8,0",-2&23?(2-(3,&(
6-#96/(L:#3(/,,W23?(9,$(
:,&(-",&-(,$(
-#?$#?%&23?(0%&#$2%/<

\ n%Q#(-699252#3&(
0%&#$2%/(9$,0(#%5:(
235$#0#3&(9,$('2-5$#&#(
-%0"/#-(&,()#(
%3%/*d#'<

4/2'#(Icf



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

()00+&"'!#8,7$*.

! A35$#%-#(&:#(0%--(,9(&:#(&,&%/(":*-25%/(-%0"/#

! 8,//#5&(-#Q#$%/($%3',0(235$#0#3&-(9$,0(&:#(/,&(%3'(
5,0)23#(&:#0(&,(9,$0(&:#(-%0"/#

! B,$(-,/2'-(-%0"/23?7(?$23'(&:#("%$&25/#-(23(&:#(/,&()#9,$#(
-%0"/23?

! Y2a(&:#(/,&()#9,$#(-%0"/23?

4/2'#(ITN



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

()00+&"'!#8,7$*.'-)0'M/7Z'!)7$1%

[62'23?("$2352"%/-(9,$($%3',0(-%0"/23?(,9(:#&#$,?#3#,6-(
0%&#$2%/

! >Q#$*("%$&(,9(&:#(/,&(:%-(%3(#e6%/(5:%35#(,9()#23?(23(&:#(
-%0"/#<

! =#923#(%3'(":*-25%//*(,)&%23(&:#(-%0"/#<

! A3([$%)(4%0"/23?7(5#$&%23("%$&-(,9(&:#(/,&(:%Q#(3,(5:%35#(,9(
)#23?(23(&:#(-%0"/#<

! O:#(23&#?$2&*(,9(&:#(-%0"/#(2-("$#-#$Q#'('6$23?(%3'(%9&#$(
-%0"/23?<((P#&L##3(&:#(&20#(2&(2-(&%W#3(%3'(%3%/*d#'7(
,a2'%&2,37(%)$%-2,37(%3'(#Q%",$%&2,3(0%*(&%W#("/%5#<

\ 8,3&%023%&2,3(G8/#%3(*,6$('#Q25#(%9&#$(#Q#$*(6-#H

\ +,--

\ Y2-&%W#-(G;-#("$,"#$(/%)#/23?H

4/2'#(ITI



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

()00+&"'!#8,7$*.')0'X)"W

>a%0"/#-(,9(?$%)(-%0"/23?(9$,0(&:#(-2'#(,9(%(
5,3Q#*,$()#/&(,$(9$,0(&:#(),&&,0(,9(%("2"#<

4/2'#(ITM



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

h+0)'9$8+*%$)*#7'!#8,7$*.

! P/,5W-(360)#$#'(23'2Q2'6%//*<

! .//()/,5W-(%$#(%55#--2)/#<(

! >Q#$*("%$&(,9(&:#(/,&(:%-(%3(#e6%/(5:%35#(,9()#23?(23(
&:#(-%0"/#<

! 1,('299256/&*(#a&$%5&23?($%3',0/*(-#/#5&#'()/,5W-<

! 1,(-%0"/#(:%3'/23?(2--6#-<

4/2'#(ITU



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

J?0++'9$8+*%$)*#7'!#8,7$*.

! O:#(MS()/,5W-(%$#(360)#$#'(%-()#9,$#<
! 4#/#5&#'()/,5W-(0%*()#(23(&:#(02''/#(,$(),&&,0(/%*#$-<

! K6//23?(,6&(&:#()/,5W-(5,6/'()#(%(0%i,$("$,)/#0(9,$(%(
/%$?#$(360)#$(,9(-&%5W#'()/,5W-<

.("2/#(,9(-,/2'("%$&25/#-<((Y,63'(5,6/'(
5,//%"-#(%-(-,,3(%-(-%0"/23?(-&%$&-<

4/2'#(ITc



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

J>)'9$8+*%$)*#7'!#8,7$*.

! MS()/,5W-(%$$%3?#'(23(f(360)#$#'(-&%5W-<(1,L(
&:#$#(%$#(f($%&:#$(&:%3(MS(-%0"/23?(632&-<

! O:#(-%0"/23?(632&(2-(%(Q#$&25%/(-&%5W(,9(&:$##()/,5W-<
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Six consecutive points trending upward or 
downward ÐOne more at end will alarm.
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Fifteen consecutive points alternating 
above and below the centerline



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>=

2"?+0'6)"+*"$#7'60)37+8%

C+2S
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4/2'#(IVF

Limits are too large.
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4/2'#(IVS

Centerline/target has changed.
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Processes is ÒwanderingÓ 
downward.
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:H&7/1$*.'9#"#'#*1'2/"7$+0%

! D:#3('%&%(2-(%3%/*d#'7(#a%023#(&:#('%&%(9,$(^-"#52%/(
5%6-#-_(,$(^%--2?3%)/#(5%6-#-_(&:%&(%$#(6-#'(&,(
#a5/6'#('%&%(&:%&(',#-(3,&()#/,3?(

p B,$(#a%0"/#7(%($#Q2#L(,9($%L('%&%(9,$(%3(
%3%/*&25%/($#-6/&(2'#3&292#'(%(-2?32925%3&(L#2?:23?(
#$$,$

4/2'#(IVf
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! D:#3(%3%/*d23?('%&%7(,3#(,$(0,$#('%&%(",23&-(',(3,&(
-##0(&,(^)#/,3?_(%3'(5,6/'()#(5,3-2'#$#'(,6&/2#$-

! O#-&-(9,$(,6&/2#$-(#a2-&

p `2-6%/("25&6$#(0%*(-#$Q#(%-(%3(23'25%&,$()6&(
9,$0%/(&#-&-(-:,6/'()#(%""/2#'

p 4&%&2-&25%/(O#-&-(G#<?<7([$6))-Z(O(O#-&H

4/2'#(IfN
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%3'
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IfI
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! O:#("6$",-#(,9(0#%-6$#0#3&(5,3&$,/(2-(&,(#3-6$#(&:#(
e6%/2&*(,9(%(0#%-6$#0#3&((

! O:2-($#-6/&-(23(%(0#%-6$#'(Q%/6#(%3'(%3(635#$&%23&*(9,$(
&:%&(Q%/6#

! 4%0"/#(,$("$,5#--(0#%-6$#0#3&-(23Q,/Q#(&:#(
'#&#$023%&2,3(,9(%3(63W3,L3(Q%/6#((

! D2&:,6&(0#%-6$#0#3&(5,3&$,/7(%(0#%-6$#'(Q%/6#(:%-(
Q#$*(/2&&/#7(29(%3*7(0#%323?((

4/2'#(IfM
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! ƒ6%/2&*(5,3&$,/(Gƒ8H(0#%-6$#0#3&-(06-&()#(0%'#(
%/,3?(L2&:(&:#("$,5#--(-%0"/#(0#%-6$#0#3&-((

! O:2-("$,5#--(5%33,&(?6%$%3&##(&:%&("$,5#--(
0#%-6$#0#3&-(%$#(%/L%*-(5,$$#5&((

! n,L#Q#$7(29(
\ &:#(ƒ8(0#%-6$#0#3&-(%$#(',3#(&:#(-%0#(L%*(%-(

&:#("$,5#--(0#%-6$#0#3&-(
%3'(

\ &:#(ƒ8(-%0"/#-(%$#(23(5,3&$,/(

O:#3(&:#$#(2-(%(:2?:(/#Q#/(,9(%--6$%35#(&:%&(&:#("$,5#--(
0#%-6$#0#3&-(%$#(Q%/2'(%3'(0#%323?96/

4/2'#(IfU
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! K$,5#--(-%0"/#(0#%-6$#0#3&-(-:,6/'()#()$%5W#&#'(,$(
5,3&%23#'(L2&:23(ƒ8(-%0"/#(0#%-6$#0#3&-((

! O:#(0#%-6$#0#3&("$,5#--(-:,6/'("$,5##'(%-(9,//,L-b
I< Y%W#(%3(,"#323?(ƒ8(0#%-6$#0#3&

M<A9(ƒ8(2-(23(5,3&$,/7(&:#3("$,5##'(
U<Y%W#(,3#(,$(0,$#("$,5#--(0#%-6$#0#3&-
c<Y%W#(%(5/,-23?(ƒ8(0#%-6$#0#3&

T<A9(ƒ8(2-(23(5,3&$,/7(%55#"&("$,5#--(0#%-6$#0#3&-(
F<A9(0,$#("$,5#--(0#%-6$#0#3&-(%$#($#e62$#'7(&:#3(

$#&6$3(&,(-&#"(U

4/2'#(Ifc
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P$%5W#&(0#%-6$#0#3&-(,9(2&#0-(L2&:(&:,-#(,9(-&%3'%$'-(
,9(-202/%$(L#2?:&

4&%3'%$'-(L2&:23(/202&-(" %55#"&(0#%-6$#0#3&-

T(W?(
-&%3'%$'

F(W?(
-&%3'%$'

A&#0-(L#2?:23?(
T(EF(W?

4/2'#(IfT
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()*"0)7'D$8$"%'#*1'()*"0)7'(?#0"%

! Y#%-6$#0#3&(5,3&$,/(/202&-(%$#('#$2Q#'(%3'(
',560#3&#'(23(&:#(Y#&:,'(ƒ6%/2925%&2,3(R#",$&(

! 8,3&$,/(+202&-(%$#(5%/56/%&#'(%&(&:#(M(%3'(U(-2?0%(
/#Q#/-

p O:#(M(-2?0%(/202&-(%$#(L%$323?(/202&-
p O:#(U(-2?0%(/202&-(%$#(%/%$0(/202&-

! 8,3&$,/(5:%$&(5#3&#$(/23#(2-(-#&(&,(d#$,(,$(&,(&:#(
%""$,"$2%&#($#9#$#35#(,$(:2-&,$25%/(Q%/6#

! B,$(%''2&2Q#(0,'#/-7(/202&-(%$#(#a"$#--#'(23(&:#(-%0#(
632&-(%-(&:#(0#%-6$#0#3&((

! B,$(06/&2"/25%&2Q#(0,'#/-7(/202&-(%$#(#a"$#--#'(23(
$#/%&2Q#(,$("#$5#3&($#/%&2Q#(&#$0-

4/2'#(IfF
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()*"0)7'D$8$"%'#*1'()*"0)7'(?#0"%

! 8,3&$,/(/202&-(5%3()#(5%/56/%&#'(L2&:(,$(L2&:,6&()2%-(
5,$$#5&2,3-

! 8,3&$,/(5:%$&-(-:,6/'()#('#Q#/,"#'(9,$(#%5:(0#&:,'(

! A3(-,0#(5%-#-7(%("%$&256/%$(0#&:,'(0%*(:%Q#(-#Q#$%/(
5,3&$,/(5:%$&-((

! O:#-#(5:%$&-(%$#(%(5$2&25%/(&,,/(9,$(0#%-6$#0#3&(5,3&$,/

4/2'#(IfS
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C+#%/0+8+*"'()*"0)7'60)&+%%

! .(5,3&$,/(5:%$&(5%3()#(6-#'(&,(0,32&,$(&:#(-&%&#(,9(%(
0#%-6$#0#3&(-*-&#0

! .(0#%-6$#0#3&(-*-&#0(2-(5,3-2'#$#'(,6& E,9E5,3&$,/(
L:#3(
\ M(,6&(,9(U(5,3-#56&2Q#(ƒ8($#-6/&-(%$#(,6&-2'#(

L%$323?(/202&-
,$

\ I(ƒ8($#-6/&(2-(,6&-2'#(,9(%/%$0(/202&-

! .(0#%-6$#0#3&(-*-&#0('#5/%$#'(%-(,6&E,9E5,3&$,/(
5%33,&()#(6-#'(9,$(%55,63&%)2/2&*(0#%-6$#0#3&-

! .5&2,3-(06-&()#(&%W#3(&,($#-,/Q#(&:#(,6&E,9E5,3&$,/(
5,3'2&2,3((

4/2'#(IfV
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! O:#(0#%-6$#0#3&(-*-&#0(06-&('#0,3-&$%&#(23E5,3&$,/(
5%"%)2/2&*()#9,$#(0#%-6$#0#3&-(5%3($#-60#((

! O:2-(5%"%)2/2&*(2-('#0,3-&$%&#'()*(:%Q23?
\ U(5,3-#56&2Q#(ƒ8($#-6/&-(L2&:23(L%$323?(/202&-(
%3'

\ %($#-6/&(,3(#%5:(-2'#(,9(&:#(5#3&#$(/23#

! A9(%3(,"#323?(ƒ8(0#%-6$#0#3&(2-(,6&E,9E5,3&$,/7(&:#3(
"$,5#--(0#%-6$#0#3&-(5%33,&("$,5##'(63&2/(&:#(
0#%-6$#0#3&(-*-&#0(2-(-:,L3(&,()#(23 E5,3&$,/(

! A9(%(5/,-23?(ƒ8(0#%-6$#0#3&(2-(,6&E,9E5,3&$,/7(&:#3(%//(
"$,5#--(0#%-6$#0#3&-(-235#(&:#(/%-&(,"#323?(ƒ8(06-&(
)#($#E0#%-6$#'

4/2'#(Iff
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:H+0&$%+'O
C+#%/0+8+*"' ()*"0)7'60)&+%%'9$%&/%%$)*'J),$&%

I< D:%&(:%-(:%""#3#'(29(%3(,"#323?(ƒ8(2-(,6&E,9E
5,3&$,/h

M< n,L(5%3(%(5/,-23?(ƒ8()#(,6&E,9E5,3&$,/h

U< D:%&(%5&2,3(-:,6/'()#(&%W#3(29(%3(,"#323?(ƒ8(Q%/6#(
#a5##'-(%(L%$323?(/202&h

c< D:#3(5%3(%(5/,-23?(ƒ8(%/-,()#(%3(,"#323?(ƒ8h

T< =2-56--(-&$%&#?2#-(9,$()$%5W#&23?("$,5#--(
0#%-6$#0#3&-<

F< A3(%3(,6&E,9E5,3&$,/(-2&6%&2,37(%$#($#E0#%-6$#0#3&-(
%/L%*-(9#%-2)/#h

4/2'#(MNN
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:H+0&$%+'O!)7/"$)*%
C+#%/0+8+*"' ()*"0)7'60)&+%%'9$%&/%%$)*'J),$&%

I< D:%&(:%-(:%""#3#'(29(%3(,"#323?(ƒ8(2-(,6&E,9E5,3&$,/h("$,5#--(
0#%-6$#0#3&-(5%33,&("$,5##'(63&2/(&:#(0#%-6$#0#3&(-*-&#0(2-(
-:,L3(&,()#(23 E5,3&$,/(

M< n,L(5%3(%(5/,-23?(ƒ8()#(,6&E,9E5,3&$,/h(>a5##'( %(&:$#-:,/'

U< D:%&(%5&2,3(-:,6/'()#(&%W#3(29(%3(,"#323?(ƒ8(Q%/6#(#a5##'-(%(
L%$323?(/202&h(K$,5##'(L2&:(5%6&2,3(%3'],$(23Q#-&2?%&#

c< D:#3(5%3(%(5/,-23?(ƒ8(%/-,()#(%3(,"#323?(ƒ8 h(D:#3(2&("%--#-(
&:#3(&:#('#Q25#(2-(23(5,3&$,/<

T< =2-56--(-&$%&#?2#-(9,$()$%5W#&23?("$,5#--(0#%-6$#0#3&-<(=%2/*(
,"#3(%3'(5/,-#7("$,5#'6$#(23Q,W#'7(#&5<

F< A3(%3(,6&E,9E5,3&$,/(-2&6%&2,37(%$#($#E0#%-6$#0#3&-(%/L%*-(
9#%-2)/#h(1,( p ",--2)/*(%('#-&$65&2Q#(&#-&7(,&:#$-h

4/2'#(MNI
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T/*%'T/7+'(0$"+0$#'<,,7$+1

! .($63-($6/#(2-('#-2?3#'(&,('#&#5&(%3(%)$6"&(,$(-/,L(5:%3?#(
&,(%(0#%-6$#0#3&(-*-&#0(&:%&($#-6/&-(23(%(5,3-2-&#3&()2%-

! O:2-()2%-(L,6/'($#-6/&(23(ƒ8(0#%-6$#0#3&-(&:%&(%$#(
5,3-2-&#3&/*(:2?:(,$(/,L

! .($63-($6/#(Q2,/%&2,37(5,3-2'#$#'(%3(^%'Q#$-#(5,3'2&2,37_(
,556$-(L:#3(V(5,3-#56&2Q#(ƒ8(Q%/6#-(%$#(,3(&:#(-%0#(
-2'#(,9(&:#(5,3&$,/(5:%$&(5#3&#$(/23#

! .3(%'Q#$-#(5,3'2&2,3(2-(:%3'/#'(%-(9,//,L-b
I< A3Q#-&2?%&#7(%3'(29(",--2)/#7(5,$$#5&(&:#(%'Q#$-#(

5,3'2&2,3(
\ .3(%55#"&%)/#(%5&2,3(2-(&,(5,3&236#(L2&:(

0#%-6$#0#3&-(L:2/#(0,32&,$23?(&:#(-*-&#0
M<=,560#3&(&:#(%'Q#$-#(5,3'2&2,3(%3'(%3*(5,$$#5&2Q#(

%5&2,3-(&%W#3
4/2'#(MNM
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:H+0&$%+'Q'!)7/"$)*%
T/*%' T/7+'(0$"+0$#'@9$%&/%%$)*'J),$&%

I< 8,6/'(%(0#&:,'($63-($6/#("$,)/#0(%99#5&(%5&6%/(
"$,5#--(-%0"/#-h

M< D:%&(-:,6/'()#(',3#(29(T(5,3-#56&2Q#(ƒ8(Q%/6#-(
-:,L(%(5,3-&%3&()2%-h

4/2'#(MNU
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:H+0&$%+'Q
T/*%' T/7+'(0$"+0$#'@9$%&/%%$)*'J),$&%

I< 8,6/'(%(0#&:,'($63-($6/#("$,)/#0(%99#5&(%5&6%/(
"$,5#--(-%0"/#- h(o#-(&:#*(5,6/'(5,3&236#(L2&:()2%-

M< D:%&(-:,6/'()#(',3#(29(T(5,3-#56&2Q#(ƒ8(Q%/6#-(
-:,L(%(5,3-&%3&()2%-h(Y,32&,$(9,$(V(23(%($,L(GU(0,$#H(
%3'(",--2)/*(5:#5W(9,$(",--2)/#(5%6-#-(L2&:(
,"#$%&2,3-<((K,--2)/*(0%W#(%()2%-(%'i6-&0#3&<

4/2'#(MNc



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.
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:H+0&$%+'\
:5#7/#"+'"?+'G)77)>$*.'()*"0)7'(?#0"%

I< =%Q2#-([$%*(;(8,35#3&$%&2,3(;l=[

M< =%Q2#-([$%*(;(8,35#3&$%&2,3

U< K6(A=Y4b(K;(8,35#3&$%&2,3

c< Y.44(4K>8(K;( A-,&,"25-

T< ;(A=Y4b(;(8,35#3&$%&2,3

F< Y%--(4"#5(; EMUT(A-,&,"25

S< =2,'#(.$$%*(;(8,35#3&$%&2,3

V< 8:#08:#W b(+,L(;(8,35#3&$%&2,3

f< K6(O> .̀b(+,L(8,35#3&$%&2,3

4/2'#(MNT
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Material Accounting (NMA) for Declaredactivities 

1. Bulk Facilities
i. Low Enriched Uranium Fuel Fabrication
ii. PuReprocessing

2. Item Facilities
i. Storage
ii. Reactor

Domestic: Main threat is insider or terrorist 
International: Inspector has audit role because the state is potential diverter

UndeclaredActivities

1. Signatures of 
facility misuse

4/2'#(MMI

Domestic vs. International
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Material balance, MB = Ti + IB - T0 ÐIE, Expect |MB| < 3! MB

Use POV to estimate ! MB, Example:  volume V, concC: ! (#ViCi)
V= Vtrue+ SV + RV,    SV ~ N(0,! s ), etc,   C = Ctrue+ SC + RC

POV (propagation of variance):  combine all standard deviations (! Õs)  to estimate ! MB.

Three data sources: calibration, measurement control, measurement comparison

Sampling plans: Containment/Surveillance, Verification measurements,
(less quantitative than accountancy measurements) Confirmatory measurements

1. Challenge
i. Detect sometimes small signal in varying background(s) 

2. Tools
i. Process monitoring
ii. Environmental monitoring

4/2'#(MMM
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Formal definitions of measurement bias and 
explanation bias clarify measurement and 
conceptual perspectives on response shift
FransJ. Oorta, MechteldR.M. Vissera, Mirjam
A.G. Sprangersa
Journal of Clinical Epidemiology
Volume 62, Issue 11, November 2009, Pages 
1126Ð1137
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R#-",3-#
Interpret the Òerror 
bands/bars.Ó How to 
decide whether to 
include quadratic term 
in fit?  

ANOVA (analysis 
of variance) topic as 
one approach to 
Òmodel selection.Ó
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;18+.44ABA>= 4/2'#(MUU

8%/2)$%&2,3(=%&%

A-(&:#$#(#Q2'#35#(,9(%3*(/%5W(,9(92&(&,(&:2-(/23#%$(0,'#/h

R44(9,$(&,&%/($#?$#--2,3b(cV<IT<

44()#&L##3($#"/25%&#(0#%-6$#0#3&-b((MM<cf<

44(9,$(/%5W(,9(92&b(cV<IT(p MM<cf(k(MT<FF<

BE&#-&(9,$(/%5W(,9(92&b((
B(k(GMT<FF]MNH]GMM<cf]UNH(k(I<SI(-:,6/'()#('2-&$2)6&#'(%-(BGMN7UNH<

=2-56--b(D:%&(',(L#(5,35/6'#h

n,L(&,(%""/*(B E&#-&(&,(-#/#5&(%""$,"$2%&#(",/*3,02%/('#?$##(29(6-#(",/*3,02%/(
$#?$#--2,3(&,(92&($#-",3-#(&,(&$6#(Q%/6#h

O:2-(2-(%3(.1! .̀(G%3%/*-2-(,9(Q%$2%35#H(&,"25<

( (20,30) 1.71) 0.09P F ! =
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;18+.44ABA>= 4/2'#(MUc

Y#%-6$#0#3&(8,3&$,/

(Measured - True) versus time: Mij = T + S + Si + Rij

over 4 calibration periods
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;18+.44ABA>= 4/2'#(MUT

Y#%-6$#0#3&(8,3&$,/

S ~ N(0,s2S), Si ~ N(0,s2Sgroup), and R ~ N(0,s2R), where 

N(0,s2) (is normal) with mean 0, variance s2

Variance: measures the spread of the RVÕs distribution and variance(2 X) = 4 var(X) for a RV X. 
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;18+.44ABA>= 4/2'#(MUF

Y#%-6$#0#3&(8,0"%$2-,3

8,0"%$2-,3(,9(0#&:,'(.(&,(0#&:,'(P(:%Q23?(W3,L3((%556$%5*(
%3'("$#52-2,3<

1 k ; s 4(s(G2&#0s E&&&

E v(1GN7-MRH7

G v(1GN7(-M4H7

G"7$5 v(1GN7(-M42&#0H

>a%0"/#(9$,0(+.1+Z-( $#0#%-6$#0#3&'%&%)%-#

MI(0#%-6$#0#3&(5%&#?,$2#-(G0#&%/7(,a2'#7(5,0)6-&2)/#-(7-%/&-(
7#&5<H<(

4#"%$%&#('%&%(%3%/*-2-(%3'(#$$,$(Q%$2%35#-(9,$(#%5:(
0#%-6$#0#3&(5%&#?,$*<
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;18+.44ABA>= 4/2'#(MUS

Y#%-6$#0#3&(8,0"%$2-,3(8,3&236#'

R4= Jb(Ig(&,(Icg(9,$( 42&#0%0,3?(&:#(MI(5%&#?,$2#-((

1!O>b(&:2-(2-($#/%&2Q#/*(/%$?#<(O,,(/%$?#h(Ig(9,$(R(G%""$,aH

1!O>b(A9(K!`(20"/2#-( 42&#0:%-(-0%//(20"%5&(,3(- YP7(&:#3(02?:&(%55#"&(
/%$?#($#/%&2Q#(#$$,$

JR4=(k($#/%&2Q#(-&%3'%$'('#Q2%&2,3

.--60#b(0#&:,'(P(:%-(W3,L3(%556$%5*(%3'("$#52-2,3(%3'(2-(#2&:#$(3,&(
%99#5&#'()*(^0%&$2a(#99#5&-_(,$(&:#(0%&$2a(#99#5&-(%$#(L#//(W3,L3<

O:#3b(6-#(5,0"%$2-,3(0#%-6$#0#3&-(&,(5:%$%5&#$2d#(.<

BR.Y(?%00%(-"#5( Q- 0%--(-"#5<(R#9#$#35#b(P6$$7(4%0"-,37( ,̀7(MNNc
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;18+.44ABA>= 4/2'#(MUV

6),/7#"$)* b
%3(%5&6%/(,$(:*",&:#&25%/(5,//#5&2,3(,9(#/#0#3&-(

%),6&(L:25:(L#(L2//(0%W#(239#$#35#-<

!#8,7+ b
%(-6)-#&(,9(&:#(","6/%&2,3(G6-6%//*(5:,-#3(%&(

$%3',0(,$($%3',0(L2&:23(-&$%&%H<
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;18+.44ABA>= 4/2'#(MUf

! .5&6%/(K,"6/%&2,3

p .//(INNN(5%3-(,9(K6 23(%(-&,$%?#(%$#%B

p 4%0"/#b(INN(5%3-7($%3',0/*(-#/#5&#'<(

! n*",&:#&25%/(","6/%&2,3

p R#"#%&#'(L#2?:23?- ,9(%3(2&#0

p 8,6/'()#($#"#%&#'(%-(,9&#3(%-('#-2$#'<(A-(&:#(","6/%&2,3(
239232&#h

p A-(2&(&:#(-%0#(-5%/#(%9&#$(INNN(L#2?:23?-h

p 4%0"/#b(INN('%*-(,9(0#%-6$#0#3&-(
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;18+.44ABA>= 4/2'#(McN

4%0"/#

! O:#(,)-#$Q#'(YP(2-(,3#(,9(&:#(239232&#/*(",--2)/#(YP-(&:%&(
5,6/'(:%Q#(%$2-#3(23(:*",&:#&25%/($#"#%&-(,9(&:#(0#%-6$#0#3&(
"$,5#--(9,$(&:#(-%0#(&$6#(9/,L-(%3'(23Q#3&,$2#-

\ n*",&:#&25%/(","6/%&2,3b(O:#('2-&$2)6&2,3(,9(YP]- YP
Q%/6#-(-:,6/'()#(%""$,a20%&#/*(1GN7IH
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;18+.44ABA>= 4/2'#(McI
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! [/#3(†3,//b(%()2?(-,6$5#(,9(5,396-2,3(2-(9%2/23?(&,('2-&23?62-:(
"%$%0#&#$-(9$,0("%$%0#&#$(#-&20%&#-

! ,9&#3(6-#(&:#(-*0),/(- M(,$((((((&,('#3,&#(-%0"/#(Q%$2%35#

! 6-#(-%0"/#(Q%$2%35#(,9($%3',0(#$$,$-(&,(#-&20%&#(
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;18+.44ABA>= 4/2'#(McM

.556$%5*7("$#52-2,3(G4##(^&%$?#&_(,3(3#a&(-/2'#H
40%//()2%-(# :2?:(%556$%5*(G-0%//(-M

4H
n2?:("$#52-2,3(# :2?:/*(^$#"#%&%)/#_(G-0%//(-M

RH
4&%&2-&25%/(&#$0($#Q2#Lb(G %3'(E %$#($%3',0(Q%$2%)/#-<

1!O>Ib(&#$0-(-65:(%-(^%556$%5*7_(^"$#52-2,37_(^-*-&#0%&25(#$$,$7_(^)2%-7_(%3'
^$%3',0(#$$,$_(%$#(%//(6-#96/(e6%/2&%&2Q#(&#$0-<(

!35#(L#(-"#529*(%(Y!=>+7(L#(5%3(e6%3&29*(&:#2$(#a%5&(0#%323?(23(-"#52925(5,3&#a&<

1!O>Mb(-&%&2-&25-(G239#$#35#H($#e62$#-(%("$,)%)2/2&*(G'#'65&2,3H(0,'#/(-,(*,6(^5%3(
',("$,)%)2/2&*(L2&:,6&(-&%&2-&25-_()6&(*,6(^5%3Z&(',(-&%&2-&25-(L2&:,6&(
"$,)%)2/2&*_

K$,)%)2/2&*b(29(5,23(:%-(KG:#%'-H(k(N<T7(&:#3("$#'25&()#:%Q2,$(,9(nnOnOw(
-#e6#35#-<

4&%&2-&25-b(?2Q#3(%(/,3?(nnOnO<<(-#e6#35#7(L:%&(5%3(-%*(%),6&(KG:#%'-H(h
D:%&(,&:#$(0,'#/(%--60"&2,3-(%$#(6-6%//*(0%'#(23(^-&%&(INI_($#(5,23(&,--(

-#e6#35#-h



!"#$%&#'()*(+,-(./%0,-(1%&2,3%/(4#56$2&*7(++8(9,$(&:#(;<4<(=#"%$&0#3&(,9(>3#$?*@-(114.

;18+.44ABA>= 4/2'#(McU

! A-(0#&:,'(I(0,$#(
%556$%&#(&:%3(0#&:,'(Mh

! n,L(5,392'#3&(5%3(L#(
)#(23(,6$(%3-L#$h(

! D:25:(0#&:,'(2-(0,$#(
"$#52-#h
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;18+.44ABA>= 4/2'#(Mcc

.< !3#(",23&(,6&-2'#(
&:#(U(-2?0%(/23#(

P< OL,(,6&(,9(&:$##(
",23&-(,6&-2'#(&:#(M(
-2?0%(/23#

8< >2?:&(5,3-#56&2Q#(
",23&-(%//(%),Q#(,$(
)#/,L(&:#(
5#3&#$/23#(

=< 42a(5,3-#56&2Q#(
",23&-(&$#3'23?(
6"L%$'(,$(
',L3L%$'

><((B29&##3(5,3-#56&2Q#(
",23&-(%/&#$3%&23?(
%),Q#(%3'()#/,L(&:#(
5#3&#$/23#
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INN(=%2/*(D#2?:23?- ,9(%(4&%3'%$'
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;18+.44ABA>= 4/2'#(McF

O(k(cNNI<TFF7((((((((((((((((((((((((((%3'(

K$,",-#(#-&20%&#-(,9(-M4 %3'(- M
R(6-23?(&:#(0,'#/b

1 k ; s 4 s E&%&Ev(1GN7-MRH7(G v(1GN7(-M4H<(

D:25:(2-(/2W#/*(&,()#(5/,-#$(&,(2&-(&$6#(Q%/6#7

,$((((((((((h
8%3(L#(6-#(&:#('%&%(&,('#52'#()#&L##3(%''2&2Q#(,$(06/&2"/25%&2Q#(
#$$,$(0,'#/-(23(&:2-(5%-#h
1,&#b(%//(Q%/6#-($,63'#'(&,(3#%$#-&(N<I(?0<(
D:%&(29(,)-#$Q#'(3,(Q%$2%&2,3h(.3*(2&#0E-"#52925(#$$,$h
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;18+.44ABA>= 4/2'#(McS

>a%0"/#b
[$,6"(&:#(INN( L#2?:23?- 23&,(?$,6"-(,9(T<
K/,&(((((((23(#%5:(?$,6"<

K6$",-#-b

5:#5W(9,$(3##'(&,($#5%/2)$%&#
'#0,3-&$%&#(&:%&(%--%*(:%-(%55#"&%)/*(-0%//()2%-
"$,Q2'#('%&%(&:%&(5%3(#-&20%&#(-M
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x
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;18+.44ABA>= 4/2'#(Mcf
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"/,&(- M]- N
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K6$",-#-b

5:#5W(L:#&:#$(&:#(23-&$60#3&(5,3&236#-(&,(0%W#(
$#"$,'652)/#(0#%-6$#0#3&-("$,Q2'#('%&%(&:%&(5%3(
#-&20%&#(-M
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;18+.44ABA>= 4/2'#(MTN

Y#%-6$#0#3&(8,3&$,/(L2&:(INN('%2/*(L#2?:&23?-b

- M
Rb(D#(%/$#%'*('2'(&:2-<(O:#(#-&20%&#(,9(-M

R2-(G<ITIHM<

=2-56--b(-:,6/'(L#(6-#(INN('%*-(,$(T('%*-(,$(h

- M
4b(B2$-&(3,&#(&:%&(cNNI<TSM(EcNNNI<TFF(k(<NNF(#-&20%&#-(&:#(

-*-&#0%&25(#$$,$(4(23(Y 2k(O(s(4(s(R27(-,(%3(#-&20%&#(,9((-M
4 2-(

G<NNFHM<(O:2-(2-(%""$,a20%&#/*(5,$$#5&<(.5&6%//*7(-:,6/'(5,$$#5&(9,$(
#99#5&(,9($%3',0(#$$,$(&,()#(0,$#(%556$%&#<(O:2-(0%*()#(:%3'/#'(
)*(&:#(.1! .̀(0#&:,'(%3'()*()2%-(%'i6-&0#3&7()6&(23(&:2-(5%-#(
&:#(#99#5&(2-(-0%//<(A3(9%5&7(&:#(5,$$#5&#'(#-&20%&#(2-(G<NNFHM(E
G<ITIHM]INN(k(EN<NNNM<(

P6&7(3#?%&2Q#(Q%$2%35#(#-&20%&#-(%$#(63'#-2$%)/#()#5%6-#(&:#(
&$6#(Q%$2%35#(2-(3,33#?%&2Q#<
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;18+.44ABA>= 4/2'#(MTI

8,00,3(&:#0#b(3##'(%($#9#$#35#('2-&$2)6&2,3(&,('#923#(&*"25%/()#:%Q2,$7(-65:(
%-([%6--2%37(,$(23(&:2-(5%-#7(8:2E-e6%$#<
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;18+.44ABA>= 4/2'#(MTM

! =,#-(&:2-(%--%*(0#&:,'(%""#%$(&,(:%Q#(%''2&2Q#(,$($#/%&2Q#(#$$,$-h

! B,$0%/(&#-&-(&,(5:,,-#(#$$,$(0,'#/(%$#(%Q%2/%)/#<
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;18+.44ABA>= 4/2'#(MTU

T($#"/25%&#(0#%-6$#0#3&-(9,$(#%5:(,9(U(&$6#(Q%/6#-

.44;Y>b( - Rk(N<I(C&O7(%3'(OI k(I7(OM(k(T7(OU k(IN<
=%&%b(&:#(U(?$,6"-(0#%3-(%$#b

n,L(L,6/'(L#(#-&20%&#( - 4 9,$(&:2-(#a%0"/#h(

1,&#b((8%3(%--60#(&:%&(),&:(5%/2)$%&2,3(%3'(0#%-6$#0#3&(
5,3&$,/('%&%(%$#()#23?(6-#'(%-(23(P•P(#a%0"/#(IT<c(
G5%/2)$%&2,3(6-#'(^:2-&,$25%/_(0#%-6$#0#3&(5,3&$,/('%&%(
&,(#-&20%&#(- RH

1 2 31.10, 5.01, 9.85M M M! ! != = =
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;18+.44ABA>= 4/2'#(MTc

1!O>b(O:2-("$,)/#0(L%-('#/2)#$%&#/*(/#9&("%$&/*(63-"#5292#'<(
B2$-&('#52'#(L:#&:#$(&:#(-*-&#0%&25(#$$,$(0,'#/(2-(
%''2&2Q#(,$(06/&2"/25%&2Q#<(1#a&7(-6"",-#(L#(%55#"&(%3(
%''2&2Q#(0,'#/(%3'(5,3-2'#$(&L,(0,'#/-b

1 2ik(; 2s(G s(E2i GIH

1 2ik(; 2s(G2s(E2i GMH

!3#(.""$,%5:(O,(P#(8,3&236#'
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Do case (1) here for each T value

!3#(.""$,%5:(8,3&236#'

1

2

3

ö 1.10 -1 = 0.10, 

ö 5.01 - 5 = 0.01,

ö  9.85 - 10 = -0.15 

S

S

S

=

=

=
Often have small bias near center of range, and larger, opposite signed 
bias at ends of range. 

Examples: enrichment with calibration and ANOVA

Comment 1:somewhat subjective model choice, but objective rules apply 
once we choose a model. Model selection can be ÒsemiÓ objective Ð
ANOVA or ÒmodernÓ model selection.

Comment 2: tempting to bias adjust?
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;18+.44ABA>= 4/2'#(MTF

! 4202/%$/*

!3#(.""$,%5:(8,3&236#'

2
1 1 1 1

2
1 1 1

2 2
1 1 1

ö ,where ~ (0,0.1 /5)

övar( ) var( )

öö var( ) 0.1^ 2 0.1^ 2/5 0.008

S

S
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BP1      BP2       BP3

Time

Holdup

Let ' H = Holdup i+1- Holdup

( Likely:

=2-&$2)6&2,3(,9(YP(Q%/6#-
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Let ' H = Holdup i+1- Holdup

( Likely:
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IMNU(&:$,6?:(cMUU TV
cMUc(&:$,6?:(ITNNN Tf
J(E.&(/#%-&(,3#('#9#5&(23(&:#(","6/%&2,3

** Wendelberger, LA-UR-15-25250
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;18+.44ABA>= 4/2'#(MSf

4%0"/23?()*(A3-"#5&23?(.6&:,$2&2#-
>a%5&(4%0"/#(42d#-(8%&#?,$*(AAAJJ(

fTg(8,392'#35#(](INg(=#9#5&-J
K,"6/%&2,3(G1H 4%0"/#(42d#
I(&:$,6?:(IU 1
Ic(&:$,6?:(IF 1 EI
IF(&:$,6?:(IV IT
If(&:$,6?:(MI IF
MM(&:$,6?:(MU IS
Mc(&:$,6?:(MF IV
MS(&:$,6?:(UI If
UM(&:$,6?:(UF MN
US(&:$,6?:(cU MI
cc(&:$,6?:(TM MM
TU(&:$,6?:(FU MU
Fc(&:$,6?:(VI Mc
VM(&:$,6?:(INV MT
INf(&:$,6?:(ITF MF
ITS(&:$,6?:(MSc MS
MST(&:$,6?:(fUS MV
fUV(&:$,6?:(ITNNN Mf
J(E.&(/#%-&(,3#('#9#5&(23(","6/%&2,3

** Wendelberger, LA-UR-15-25250
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;18+.44ABA>= 4/2'#(MVN

8:,,-#( * k(N<I(%3'()(k(N<NT

B,$(&:#(U(","6/%&2,3(-2d#-b

9 I k(INN7((((9 Mk(INNN7 9 U k(IN7NNN7((&:#3

) I k(MF7((((((() Mk(UN7 ) U k(UN

=2-56--2,3b

=#-5$2)#(&:#(-%0"/23?("$,5#'6$#(9,$(1I kINN<

8%/56/%&#() $#e62$#'(9,$()(k(<NT(L2&:(9&k(INNN(%3'(* k(N<NU<

.--60#( * k(I]1(GH k(IH(%3'($#5%/56/%&#() <((

=,#-(&:#($#-6/&(0%W#(-#3-#h(

4%0"/23?()*(A3-"#5&23?(.6&:,$2&2#-
>a%0"/#
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;18+.44ABA>= 4/2'#(MVI

4%9#?6%$'-(&#$023,/,?*b

‰ %&&$2)6&#-(G^"%--]9%2/_H(-%0"/23?(9,$(?$,--('#9#5&-7(

‰ Q%$2%)/#-(G^e6%3&2&%&2Q#_H(-%0"/23?(9,$("%$&2%/(,$
)2%-('#9#5&-<

4&%&2-&25-(&#$023,/,?*b(

‰ d#$,E%55#"&%35#(-%0"/23?(0#%3-(&:%&(&:#(,3/*(%55#"&%)/#(
-%0"/#(:%-(d#$,('#9#5&-<(

K.$&)&T&9GIE) I] *9 H(%-(%(Q#$*(?,,'(%""$,a20%&#(9,$06/%(9,$(
-%0"/#(-2d#(G)%-#'(,3(:*"#$?#,0#&$25 '2-&$2)6&2,3H

! !&:#$(-%0"/23?("/%3-(%//,L(9,$(-,0#('#9#5&-(23(&:#(-%0"/#7(
%3'(:%Q#($%3',0(-%0"/#(-2d#-('#"#3'23?(,3(&:#(360)#$(,9(
'#9#5&-(9,63'<

4%0"/23?()*(A3-"#5&23?(.6&:,$2&2#-
4%0"/23?
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;18+.44ABA>=

!#8,7$*.

4%9#?6%$'-(&#$023,/,?*b

‰ %&&$2)6&#-(G^"%--]9%2/_H(-%0"/23?(9,$(?$,--('#9#5&-7(

‰ Q%$2%)/#-(G^e6%3&2&%&2Q#_H(-%0"/23?(9,$("%$&2%/(,$
)2%-('#9#5&-<

4&%&2-&25-(&#$023,/,?*b(

‰ d#$,E%55#"&%35#(-%0"/23?(0#%3-(&:%&(&:#(,3/*(
%55#"&%)/#(-%0"/#(:%-(d#$,('#9#5&-<(

K.$&)&T&9GIE) I] *9 H(%-(%(Q#$*(?,,'(%""$,a20%&#(9,$06/%(
9,$(-%0"/#(-2d#(G)%-#'(,3(:*"#$?#,0#&$25('2-&$2)6&2,3H

! !&:#$(-%0"/23?("/%3-(%//,L(9,$(-,0#('#9#5&-(23(&:#(
-%0"/#7(%3'(:%Q#($%3',0(-%0"/#(-2d#-('#"#3'23?(,3(&:#(
360)#$(,9('#9#5&-(9,63'<

4/2'#(MVM
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;18+.44ABA>= 4/2'#(MVU

O:#(A.>.(G23&#$3%&2,3%/(%&,025(#3#$?*(%?#35*H(06-&(
%--60#(&:%&(&:#(-&%&#]9%52/2&*(5,6/'(9%/-29*('%&%<

4#/#5&($%3',0(-%0"/#(,9(9%52/2&*(0#%-6$#0#3&-(9$,0(#%5:(
-&$%&%(G?$,6"H(&,(23'#"#3'#3&/*(Q#$29*<(

8,0"%$#(-%0"/#(,9(3(,"#$%&,$(G,H7(23-"#5&,$(G2H(
0#%-6$#0#3&-(9$,0(%(","6/%&2,3(,9(1(2&#0-b

=(k(14G, 2E22H]3

4%0"/23?()*(A3-"#5&23?(.6&:,$2&2#-
A.>.( =(-&%&2-&25
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;18+.44ABA>=

;<:<' 9'%"#"$%"$&

O:#(A.>.(G23&#$3%&2,3%/(%&,025(#3#$?*(%?#35*H(06-&(
%--60#(&:%&(&:#(-&%&#]9%52/2&*(5,6/'(9%/-29*('%&%<

4#/#5&($%3',0(-%0"/#(,9(9%52/2&*(0#%-6$#0#3&-(9$,0(#%5:(
-&$%&%(G?$,6"H(&,(23'#"#3'#3&/*(Q#$29*<(

8,0"%$#(-%0"/#(,9(3(,"#$%&,$(G,H7(23-"#5&,$(G2H(
0#%-6$#0#3&-(9$,0(%(","6/%&2,3(,9(1(2&#0-b

=(k(14G, 2E22H]3

4/2'#(MVc
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;18+.44ABA>= 4/2'#(MVT

.&&$2)6&#-(-%0"/23?b(G^"%--]9%2/_H(

u#$,E%55#"&%35#(-%0"/23?b(%55#"&%)/#(-%0"/#(:%-(d#$,('#9#5&-

)&T&9GIE) I] *9 H(2-(%3(%""$,a20%&#(9,$06/%(9,$(-%0"/#(-2d#

D#3'#/)#$?#$( p >a%5&<

!&:#$(-%0"/23?("/%3-(0%*()#(6-#'<(

4%0"/23?()*(A3-"#5&23?(.6&:,$2&2#-
4600%$*
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;18+.44ABA>=

!#8,7$*.'!/88#0=

.&&$2)6&#-(-%0"/23?b(G^"%--]9%2/_H(

u#$,E%55#"&%35#(-%0"/23?b(%55#"&%)/#(-%0"/#(:%-(d#$,(
'#9#5&-

)&T&9GIE) I] *9 H(2-(%3(%""$,a20%&#(9,$06/%(9,$(-%0"/#(-2d#

D#3'#/)#$?#$( p >a%5&<

!&:#$(-%0"/23?("/%3-(0%*()#(6-#'<(

4/2'#(MVF
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;18+.44ABA>= 4/2'#(MVS

B%52/2&2#-(06-&("#$2,'25%//*("#$9,$0(%(":*-25%/(23Q#3&,$*()*(5,0"%$23?(&:#(),,W(
23Q#3&,$*(&,(&:#(%5&6%/(365/#%$(0%&#$2%/(:,/'23?-<((.5&2Q2&2#-(235/6'#($#5,$'-(
5:#5W-7(OA=(5:#5W-7(%3'(5,392$0%&,$*]Q#$2925%&2,3(0#%-6$#0#3&-<((O*"25%//*7(
,3/*(%(-0%//(360)#$(,9(2&#0-(%$#(-#/#5&#'(9,$(5,392$0%&2,3<

T:ic;T:C:XJ

B%52/2&2#-(0%*(6-#(-&%&2-&25%/(-%0"/23?(&,(Q#$29*(&:#("$#-#35#(,9(2&#0-<((
4%0"/23?("%$%0#&#$-(%$#(?$%'#'b

4%0"/23?()*(A3-"#5&23?(.6&:,$2&2#-
=!>( K:*-25%/(A3Q#3&,$*

8.O< 8!1B<(+>`>+ YA1<(=>O<(=>B>8O

A fTg Ug

AA fTg Tg

AAA(•(A` fTg INg
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;18+.44ABA>= 4/2'#(MVV

A.>.("$,?$%0(^fUsM_(23($#-",3-#(&,(A$%eZ-(G1KO(
-2?3%&,$*H(:2''#3(L#%",3("$,?$%0(9,63'(23(IffM<(

4%9#?6%$'#']'#5/%$#'(9%52/2&2#-(3,L("$,Q2'#(0,$#(
239,$0%&2,3(&:%3(&$%'2&2,3%/(YP('%&%<
1#L(-%9#?6%$'-(0#%-6$#-(%&('#5/%$#'J 9%52/2&2#-(
235/6'#b(

'%&%(5,3-2-&#35*(0,32&,$23?b(%3,0%/*(
'#&#5&2,3]$#-,/6&2,3

'2Q#$-2,3("%&:(%3%/*-2-

4&%&2-&25%/(A--6#-(23(^4&$#3?&:#3#'(4%9#?6%$'-_
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;18+.44ABA>= 4/2'#(MVf

4&%&2-&25%/(2--6#-]5:%//#3?#-b

EQ%$*23?(&20#(-5%/#-(9,$('299#$23?('%&%(&*"#-(G"$,5#--(0,32&,$23?(%3'(

1Y.H
E'%&%E'$2Q#3("%&&#$3($#5,?32&2,3(G,"#$%&23?(%-('#5/%$#'(,$(02-6-#(.(,$(

02-6-#(P((((((,$("#$2,' E'$2Q#3(G%&(&:#(#3'(,9(#%5:('%*(,$()%/%35#("#$2,'7(

0%W#(%(i6'?0#3&H

EL2&:23E'%&%(&*"#(%3'()#&L##3E'%&%(&*"#(&#0",$%/(5,$$#/%&2,3-…(

E06/&2"/#(&#-&23?7(9%/-#(%/%$0($%&#-

E02-6-#('%&%(6-6%//*($#e62$#-($#%/2-&25(-206/%&2,37(-,(0,'#/(635#$&%23&*(
2--6#<

E%--#--0#3&(,9(%3,0%/*($#-,/6&2,37(-65:(%-(0,'#/ E)%-#'('2%?3,-&25-

E'%&%(96-2,3(%&(9#%&6$#7(-5,$#7(,$('#52-2,3(/#Q#/(&,($#%5:(,Q#$%//('#52-2,3

4&%&2-&25%/(A--6#-(23(^4&$#3?&:#3#'(4%9#?6%$'-_
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;18+.44ABA>= 4/2'#(MfN

EJ;3'#5/%$#'(9%52/2&2#-(%3'(-#5,3'(/23#('#9#3-#(
G4+=H]),$'#$(0,32&,$23?(%$#(-#"%$%&#(&,"25-7(3,&(
5,Q#$#'<

8%6&2,3b(&#0"&23?(&,(%//,5%&#(/#--($#-,6$5#-(%&('#5/%$#'(
9%52/2&2#-(&,(5,Q#$()$,%'#$(-6$Q#2//%35#(02--2,3<

4&%&2-&25%/(A--6#-(23(^4&$#3?&:#3#'(4%9#?6%$'-_
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;18+.44ABA>= 4/2'#(MfI

8,0"$#:#3-2Q#(%55,63&(9,$0#'(,35#(%(*#%$
Y,3&:/*(1RO.(2-(%''#'(9,$(&20#/23#--

D:%&(29(%336%/(YP(2-(,6&-2'#(GEM-YP7(M-YPHh
+#%'-(&,(%(/,&(,9(L,$W]:#%'%5:#-]-5$6&23*

8%3()#(%Q,2'#'(&,(-,0#(#a&#3&()*(0,3&:/*(YP-7()6&(&:2-(2-(
,"%e6#b(239,$0%&2,3(",,$7()#5%6-#(2&(2-(%(-20"/#(-3%"-:,&

8,3-2'#$(Q#$*(3#%$($#%/(&20#(0,32&,$23?(-65:(%-(23E&%3W(/#Q#/7(
'#3-2&*7(&#0"#$%&6$#($#%'23?-(#Q#$*(T(0236&#-b(-,/6&2,3(
0,32&,$23?(G4YH

4&%&2-&25%/(A--6#-(23(^4&$#3?&:#3#'(4%9#?6%$'-_
>a%0"/#b(1Y.(%&(%(R#"$,5#--23?(K/%3&
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;18+.44ABA>= 4/2'#(MfM

Y%--2Q#(%0,63&-(,9('%&%(3,L(%Q%2/%)/#7(5,6"/#'(L2&:(-,9&L%$#(
%'Q%35#-

8,00#$52%/(,"#$%&2,3-($#e62$#0#3&-('299#$(5,3-2'#$%)/*(9$,0(
-%9#?6%$'-($#e62$#0#3&-

+202&#'(,Q#$/%"(L2&:("/%3&(,"#$%&,$(#Q%/6%&2,3(-*-&#0-
><?<(4*-&#0(S(4Y(5,35#"&-(:%Q#(3,&()##3(&%W#3(6"()*(&:#(
5:#025%/("$,5#--(23'6-&$2#-(23(?#3#$%/

1##'( &,(9,$0%/2d#(4Y($,/#
=,0#-&25(Q-<(A3&#$3%&2,3%/

O%5W/23?(A--6#-(D2&:(R6/#-b(

R6/#-(8%3(P#(A35,0"/#&#((# Y,'#/ E)%-#'(%""$,%5:#-(-65:(%-([; E
ORK

!Q#$%//b(?#&&23?(&:#$#()6&(-/,L/*

4&%&2-&25%/(A--6#-(23(^4&$#3?&:#3#'(4%9#?6%$'-_
4,/6&2,3(0,32&,$23?b(#a%0"/#(,9("$,5#--(0,32&,$23?
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;18+.44ABA>=

\ 4*-&#0%&25(>$$,$
\ .)-,$"&2,3

\ [#,0#&$*
\ =#&#5&,$(>99252#35*
\ >3Q2$,30#3&(GP%5W?$,63'H
\ B63'%0#3&%/(K:*-25%/(8,3-&%3&-

\ P$%35:23?(R%&2,

\ n%/9(+2Q#
\ ;3W3,L3

\ R%3',0(>$$,$
\ 8,63&23?(4&%&2-&25-(GO20#('6$%&2,3(,9(0#%-6$#0#3&H
\ ;3W3,L3

4/2'#(MfU

1,3 E=#-&$65&2Q#(.--%*(G1=.H(;35#$&%23&2#-(A0"%5&(,3(K:*-25%/
A3Q#3&,$*(=299#$#35#(GA=H(%3'(Y%&#$2%/(P%/%35#(=#&#$023%&2,3b(4,6$5#-

,9(>$$,$7(K$#52-2,3].556$%5*7(%3'(A=]K$,"%?%&2,3(,9(>$$,$(GK!`H

!)/0&+%')-':00)0'-)0'X9<'d#88#'C+#%/0+8+*"%
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60+&$%$)*'#*1'<&&/0#&='<0+'J>)';8,)0"#*"'(?#0#&"+0$%"$&%')-'C+#%/0+8+*"%

\ A9(&:#("$,5#--(:%-(/2&&/#(Q%$2%&2,37(2&(2-(-%2'(&,()#("$#52-#<((
.3,&:#$(&#$0(6-#'(2-('2-"#$-2,3<((

\ A9(&:#("$,5#--(0#%3(,$(%Q#$%?#(2-(5/,-#(&,(&:#(&%$?#&(5#3&#$7(2&(
2-(-%2'(&,()#(%556$%&#<(.3,&:#$(&#$0(6-#'(2-(63)2%-#'<

4/2'#(Mfc

1,3 E=#-&$65&2Q#(.--%*(G1=.H(;35#$&%23&2#-(A0"%5&(,3(K:*-25%/
A3Q#3&,$*(=299#$#35#(GA=H(%3'(Y%&#$2%/(P%/%35#(=#&#$023%&2,3b(4,6$5#-

,9(>$$,$7(K$#52-2,3].556$%5*7(%3'(A=]K$,"%?%&2,3(,9(>$$,$(GK!`H
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;18+.44ABA>=

\ O:#(-:,,&#$(,3(&:#(/#9&(:%-(&:#(/#%-&(Q%$2%&2,3()#&L##3(-:,&-(%3'(2-(
&:6-(0,$#(^ "$#52-#<_((O:2-(-:,,&#$Z-(-:,&-(%$#(/#--('2-"#$-#'<

\ O:#(-:,,&#$(,3(&:#($2?:&(2-(&:#(0,-&(%556$%&#<((./&:,6?:(&:#(-:,&-(
%$#(L2'#/*(-5%&&#$#'7(&:#(0#%3(,$(%Q#$%?#(2-(5/,-#(&,(&:#(&%$?#&(
5#3&#$<

4/2'#(MfT

1,3 E=#-&$65&2Q#(.--%*(G1=.H(;35#$&%23&2#-(A0"%5&(,3(K:*-25%/
A3Q#3&,$*(=299#$#35#(GA=H(%3'(Y%&#$2%/(P%/%35#(=#&#$023%&2,3b(4,6$5#-

,9(>$$,$7(K$#52-2,3].556$%5*7(%3'(A=]K$,"%?%&2,3(,9(>$$,$(GK!`H

60+&$%$)*'#*1'<&&/0#&='@&)*"$*/+1B
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;18+.44ABA>= 4/2'#(MfF

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

Four Items Processed in a Material Balance 
Area During the Inventory Time Period 

Item 1:  
¥! 10% Relative Error 
¥! Beginning Inventory = 100 

Item 2:  
¥! 5% Relative Error 
¥! Beginning Inventory = 100 

Item 3:  
¥! 2% Relative Error 
¥! Transfer In = 100 

Item 4:  
¥! 1% Relative Error 
¥! Transfer In = 100 

Processing 
 

Item 1:  
¥! 10% Relative Error 
¥! Ending Inventory = 90 

Item 2:  
¥! 5% Relative Error 
¥! Transfer Out = 95 

Item 3:  
¥! 2% Relative Error 
¥! Ending Inventory = 110 

Item 4:  
¥! 1% Relative Error 
¥! Transfer Out= 110 

1,3 E=#-&$65&2Q#(.--%*(G1=.H(;35#$&%23&2#-(A0"%5&(,3(K:*-25%/
A3Q#3&,$*(=299#$#35#(GA=H(%3'(Y%&#$2%/(P%/%35#(=#&#$023%&2,3b(4,6$5#-

,9(>$$,$7(K$#52-2,3].556$%5*7(%3'(A=]K$,"%?%&2,3(,9(>$$,$(GK!`H
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;18+.44ABA>= 4/2'#(MfS

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

Four Items Processed in a Material Balance 
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Using the 4 input and 4 output items on the previous slide and considering the 
previous inventory difference and propagation of variance calculation answer 
the following. Assume internal processing indicated by the purple processing 
arrow occurred between the input and output items listed.

1. Does any internal processing affect the computed ID?
2. What is the ID with this additional internal processing?
3. Does any internal processing affect the computed POV of the ID?
4. What is the propagated uncertainty for the ID with this additional internal 

processing?
5. How are standard deviations of the masses determined?
6. What happens to items which were not active?
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Using the 4 input and 4 output items on the previous slide and considering the 
previous inventory difference and propagation of variance calculation answer 
the following. Assume internal processing indicated by the purple processing 
arrow occurred between the input and output items listed.
1. Does any internal processing affect the computed ID? No
2. What is the ID with this additional internal processing? -5.
3. Does any internal processing affect the computed POV of the ID? No
4. What is the propagated uncertainty for the ID with this additional internal 

processing? 15.48
5. How are standard deviations of the masses determined? Using 

Measurement Control.  Standards are used to determine that measurement 
devises are Òin controlÓ both before and after the measurement is made. 
Multiple measurements of the standards determine the uncertainty.

6. What happens to items which were not active? They do not
participate in ID or POV.
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